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(57) [Patent Claims] 

[Claim 1] A Sialon sintered body consisting of an a-Sialon phase represented by the 

general formula Mx(Si, Al)i2(0, N)i6 (0<x<2, M is at least one element selected from Y, 
Er, and Yb), a P-Sialon phase represented by the general formula Sie-zAlzOzNg-z 
(0<z;<4.2), and an intergranular phase consisting of at least one element from Si, Al, O, 
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N, M (M is at least one element selected from Y, Er, and Yb), wherein said sintered body 
is obtained by sintering of moldings satisfying the following conditions: 

8 < AIN + AI2O3 < 16 (wt.%) 
1.2<A1N/Al203<3 
3<M2O3<10(wt.%) 
74 < Si3N4 < 89 (wt.%). 

[Claim 2] A method for the manufacture of a Sialon sintered body comprising mixing a 
Si3N4 powder, an AIN powder, an AI2O3 powder, and an M2O3 powder (M is at least one 
element from Y, Er, and Yb) so as to satisfy the following conditions: 

8 < AIN + AI2O3 < 16 (wt.%) 
1.2<A1N/Al203<3 
3<M2O3<10(wt.%) 
74 < Si3N4 < 89 (wt.%), 

and to obtain a molding, and sintering said molding at a temperature of 1500-2000®C. 

[Claim 3] A gas turbine blade consisting of the Sialon sintered body described in Claim 
1. 

[Detailed Description of the Invention] 

(Field of Industrial Application) 

The present invention relates to a Sialon sintered body having high strength at 
normal and high temperatures, to a method for the manufacture of such a sintered body, 
and to a gas turbine blade using it. 

(Prior Art) 

A Sialon sintered body has a number of merits such as excellent strength at a high 
temperature, very good oxidation resistance, a small thermal expansion coefficient, and a 
very high resistance to thermal shocks. For this reason it has been used in various fields, 

p-Sialon sintered bodies (a class of Sialon sintered bodies) represented by the 
general formula Sie-zAlzOzNg-z (0<z<4.2) have found wide application. Examined 
Japanese Patent Application 56-51 153 (1981) and Laid-open Japanese Patent Application 
58-204875 (1983) have disclosed that an a-Sialon sintered body represented by the 
general formula Mx(Si, Al)i2(0, N)i6 (0<x<2, M is Li, Ca, Mg and a rare earth element, 
except La and Ce) or an a/p mixed-phase Sialon sintered body consisting of both the P- 
Sialon phase and the a-Sialon phase are suitable for cutting tools or the like, and such 
sintered bodies have recently found application in various fields. 

Laid-open Japanese Patent Application 61-91065 (1986) has shown that an 
advantage of the a/p mixed-phase Sialon sintered body over single-phase Sialon sintered 
bodies is that the former ones have higher strength than the latter ones. 
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Furthermore, Laid-open Japanese Patent Application 62-78157 (1987) disclosed a 
method for the manufacture of silicon nitride ceramics with excellent toughness, 
oxidation resistance, and strength at a high temperature, this method comprising sintering 
a mixture in which AIN + Al203/Si3N4 is lunited to less than 0.08% and AI2O3/AIN is 
limited to less than 2%, and then replacing the intergranular phase with a crystalline 
substance having a high melting point. Laid-open Japanese Patent Application 62-207766 
suggested manufacturing ceramics with the above-described properties by sintering a 
mixture in which AI2O3/AIN is limited to 0.2-2 and (Al203/AlN)/(rare earth oxides) is 
limited to no more than 0.8. 

(Problems Addressed by the Invention) 

Laid-open Japanese Patent Applications 62-78157 and 62-207766 disclosed that 
in sintered bodies with AIN + AI2O3 above 8 wt.%, toughness and oxidation resistance at 
a high temperature are degraded. 

Furthermore, a/p mixed-phase Sialon sintered bodies have insufficient strength, 
and none of the existing Sialon sintered bodies have a minimum strength of 400 MPa at a 
temperature of 1350°C required for gas turbine stationary blades and a minimvmi strength 
of 600 MPa at a temperature of 125^C [sic] required for turbine dynamic blades 
(properties required for gas turbine blades are described in the Report on Research of 
Ceramic Gas Turbines, compiled by the Japan Fine Ceramics Association, 1988.3). 

The present invention was developed with the goal of application to gas turbine 
blades, and it is an object of the present invention to provide a Sialon sintered body in 
which the high-temperature strength of a/p mixed-phase Sialon sintered bodies that have 
excellent strength is further increased, a method for the manufacture of such, and a gas 
turbine blade using it. 

(Means of Resolving the Problems) 

The present invention provides a Sialon sintered body consisting of an a-Sialon 
phase represented by the general formula Mx(Si, Al)i2(0, N)i6 (0<x<2, M is at least one 
element from Y, Er, and Yb), a P-Sialon phase represented by the general formula Sia- 
zAlzOzNg-z (0<z<4.2), and an intergranular phase consisting of at least one element from 
Si, Al, O, N, M (M is at least one element from Y, Er, and Yb), wherein the sintered body 
is obtained by sintering of moldings satisfying the following conditions: 

8 < AIN + AI2O3 < 16 (wt.%) 
1.2<A1N/Al203<3 
3<M2O3<10(wt.%) 
74<Si3N4<89(wt.%). 

In the Sialon sintered body in accordance with the present invention, the ratio of 
components in a molding prior to sintering plays an important role. Thus, the sintered 
bodies in accordance with the present invention are the a/p mixed phase Sialon sintered 
body, and an especially high strength at a high temperature can be obtained if the four 
components, AIN, AI2O3, M2O3 (M = Y Er, Yb), and Si3N4 are combined at ratios within 
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the specific ranges. It is especially important that the amounts of AIN and AI2O3 and their 
mixing ratio satisfy the specific requirements and that M in M2O3, which is added to 
improve sinterability, be a specific element. 

In order to obtain a stable a/p mixed phase Sialon sintered body and to improve 
high-temperature strength, it is necessary that the AIN + AI2O3 amount be higher than in 
conventional moldings. The respective appropriate range is 8 < AIN + AI2O3 < 16. If AIN 
+ AI2O3 is 8 wt.%, or more than 16 wt,%, the high-temperature strength is decreased, 
which is undesirable. 

When the AIN/AI2O3 ratio is less than 1.2 and more than 3, the high-temperature 
strength is decreased, therefore the AIN/AI2O3 ratio should be within the range 1 .2 < 
A1N/Al203 <3. 

When the M2O3 amount is no more than 3%, the improvement in sinterability is 
small, and when this amount is above 10%, the high-temperature strength of the 
intergranular phase is decreased, which is undesirable. 

The range of elements constituting M in M2O3 is limited to Y, Er, and Yb because 
when these three elements were used, the degradation of bending strength within a 
temperature range from room temperature to a high temperature was found be less than 
that when other rare earth elements were used. 

For the reasons described above, the composition was restricted to the above- 
described ranges. 

The present invention also provides a method for the manufacture of a Sialon 
sintered body comprising the steps of mixing a Si3N4 powder, an AIN powder, an AI2O3 
powder, and an M2O3 powder (M is at least one element fi"om Y, Er, and Yb) so as to 
satisfy the following conditions: 

8 < AIN + AI2O3 < 16 (wt.%) 
1.2<A1N/Al203<3 
3<M2O3<10(wt.%) 
74 < Si3N4 < 89 (wt.%), 

and to obtain a molding, and sintering the molding at a temperature of 1500-2000°C. 

The reasons for selecting such composition ratios of the compounds constituting 
the molding are described above. 

The sintering temperature is restricted to 1500-2000*^C for the following reasons. 
When the sintering temperature is less than 1500^C, a dense sintered body cannot be 
obtained even when a high pressure is applied or sintering is conducted in a high-pressure 
gas. When the sintering temperature is above 2000°C, the decomposition of Si3N4 cannot 
be prevented even when sintering is conducted in a N2 atmosphere imder pressure. 
Furthermore, it is preferred that the sintering be conducted in a nitrogen gas atmosphere; 
the nitrogen gas pressure can be within a range from normal to high pressure. 

The above-described Sialon sintered body has excellent high-temperature strength 
at temperatures of 1200-1350''C and higher, and is especially suitable as a material for 
gas turbine blades. 

[Embodiments] 
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The present invention will be described below in greater detail with reference to 
embodiments thereof. 

Embodiment 1 

Various compositions presented in Table 1 were prepared by using a Si^N4 
powder (particle size 0.7 |im, a conversion ratio 93%), an AIN powder (particle size 1 
jam, purity 99%), an AI2O3 powder (particle size 0.5 |Lim, purity 99.5%), and an Yb203 
powder (particle size 1.5 pm, purity 99.5%). The powders were mixed, the mixtures were 
molded, and the moldings were sintered for 7 h at a temperature of 1780^C in a nitrogen 
atmosphere under a pressure of 9 atm. The bending strength of the obtained sintered 
bodies at normal temperature and at 1300°C is presented in Table 1 . 

In this embodiment, the amount of Yb203 was made constant (6.0 wt.%) in order 
to clarify the effect of the amoimts of AIN and AI2O3 and their weight ratio. In the 
comparative examples shown in Table 1, the total amount of AIN + AI2O3 and/or the 
AIN/AI2O3 ratio were outside the ranges specified by the present invention. 

The evaluation of data relating to strength in Table 1 shows that the degradation 
of strength at a high temperature is small and a high strength at a high temperature can be 
obtained when the AIN/AI2O3 weight ratio is 1 .2-3 and the total amount of AIN + AI2O3 
is more than 8 wt.% and less than 16 wt.%. 



Table 1 



Compn. 
No. 


Item 


AIN 
amount 
(wt%) 


AI2O3 
amount 
(wt.%) 


A1N + 
AI2O3 
(wt%) 


AIN/ 
AI2O3 
weight 
ratio 


YbzOj 
(wt.%) 


Bending strength 
(normal temp., 
kgfi'mm^) 


Bending strength 
(1300°C, 
kg&mm^ 


1 


Comp. Ex. 


7.0 


2.0 


9.0 


3.50 


6.0 


61 


35 


2 


Embod. 


7.0 


2.5 


9.5 


2.80 


6.0 


65 


53 


3 


tt 


7.0 


4.0 


11.0 


1.75 


6.0 


69 


59 


4 


11 


7.0 


5.0 


12.0 


1.40 


6.0 


73 


54 


5 


M 


7.0 


5.5 


12.5 


1.28 


6.0 


68 


50 


6 


Comp. Ex. 


7.0 


6.0 


13.0 


1.16 


6.0 


63 


36 


7 


ti 


8.0 


2.5 


10.5 


3.20 


6.0 


62 


43 


8 


Embod. 


8.0 


3.0 


11.0 


2.67 


6.0 


67 


51 


9 


ti 


8.0 


4.0 


12.0 


2.00 


6.0 


64 


56 


10 


tf 


8.0 


5.0 


13.0 


1.60 


6.0 


63 


54 


11 


tt 


8.0 


6.0 


14.0 


1.33 


6.0 


61 


52 


12 


Comp. Ex. 


8.0 


7.0 


15.0 


1.14 


6.0 


57 


39 


13 


M 


9.0 


2.5 


11.5 


3.60 


6.0 


61 


41 


14 


Embod. 


9.0 


3.5 


12.5 


2.57 


6.0 


65 


50 


15 


n 


9.0 


4.5 


13.5 


2.00 


6.0 


63 


52 


16 


tt 


9.0 


6.0 


15.0 


1.50 


6.0 


60 


50 


17 


Comp. Ex. 


9.0 


8.0 


17.0 


1.13 


6.0 


56 


37 


18 


It 


11.5 


5.5 


17.0 


2.09 


6.0 


53 


35 


19 


It 


5.5 


2.5 


8.0 


2.20 


6.0 


51 


34 



Embodiment 2 
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Several compositions were prepared by using the same powders as were used in 
Embodiment 1 and various rare earth oxide powders (particle size 1.0-1.5 ^im, purity 
99.9%). In this embodiment, AIN and AI2O3 were used in constant amounts of 7.0 and 
4.0 wt.%, respectively. The powders were mixed, molded, and sintered for 5 h at a 
temperature of ISOO^C in a nitrogen atmosphere under a normal pressure. Properties of 
the obtained sintered bodies are presented in Table 2. 

The results obtained show that a high strength at a high temperature can be 
obtained and the sintered bodies are suitable for gas turbine blades or the like when at 
least one element from Y, Er, and Yb is selected as the rare earth oxide and the amount of 
the rare earth oxide is above 3 wt.% and less than 10 wt.%. Furthermore, it is clear that 
when Y, Er, Yb oxides are added, the decrease in the bending strength at a high 
temperature is lower than that observed when Nd, Sm, Eu, Dy oxides are used. 

Table 2 



Compn. No. 


Item 


Type of rare 
earth oxide 


Amount of rare 
earth oxide (%) 


Bending strength 
(normal temp., 
kgf/mm^) 


Bending strength 
(1300°C, 
kgfmm^) 


20 


Comp. Ex. 


Yb203 


2.5 


54 


37 


21 


Embod. 


M 


3.5 


59 


51 


22 


II 


It 


5.0 


63 


56 


23 


II 


• 1 


6.5 


66 


59 


24 


II 


tl 


8.0 


64 


58 


25 




11 


9.5 


62 


54 


26 


Comp. Ex. 


It 


10.5 


56 


44 


27 


Embod. 


Er203 


6.5 


70 


60 


28 




Y2O3 


6.5 


69 


57 


29 


Comp. Ex. 


NdzOj 


6.5 


65 


47 


30 


n 


SmzOs 


6.5 


60 


46 


31 


tl 


EU2O3 


6.5 


67 


43 


32 


II 


DyzOj 


6.5 


62 


47 


33 


Embod. 


ErzOj + YbjOs 


3.0 + 3.0 


67 


57 



The above-described embodiments demonstrate that a Sialon sintered body 
manufactured by the method in accordance with tiie present invention and consisting of 
an a-Sialon phase containing at least one element selected from Y, Er, and Yb in a solid 
solution form, a P-Sialon phase, and an intergranular phase are obtained by sintering of 
moldings with a composition within the specific range, and the sintered bodies have 
excellent strength at high temperature. 

Sintered bodies with the same properties can be obtained by employing a sintering 
method other than that used in the embodiments, for example, hot pressing, HIP and the 
like. 

(Effect of the Invention) 

In accordance with the present invention, a Sialon sintered body with a high- 
temperature strength much higher than that of conventional sintered bodies can be 
obtained by selecting Y, Er, and Yb as elements for forming a solid solution in a-Sialon 
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in the a/p mixed-phase Sialon sintered body and by selecting the specific amounts of 
AIN and AI2O3, among all the compounds constituting the sintered body, and a ratio 
thereof at a compounduag stage. As a result, the a/p mixed-phase Sialon sintered body 
can be used for high-temperature applications, primarily for gas turbme blades. 
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[ii*«l]M^aitA''Mx (Si.Al) 12 (O.N) le (0< 
x<2.»iY,Er,Yb<0iai«:{i2Sm±) <0-ifcS;-CS^ 
StlSa-t^royffl, SIB-1AI1O1N9-2 (0<zS4. 
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8<A1N+AU03<16 Cwt%) 
l.agAlN/AUOa^S 
3<M2 03 <10 Cwt%D 
74<Si3N4<89 Cwt%) 



2 

H!03f»>ic(M(iY,Er.yb(7>ia^^ii2aeLh) 

8<AlN+Ah03<16Cwt%5 
1.2gAlN/Al2D3£3 
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74<Si3N»<89 Cwt%J 
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8-1 (0<zS4.2) •C^SilS/SU-'f rDy«B»**«J!£ 

<llfflfl:SfiTl^&. gjfi. Hx (Si.Al ) 12 (O.N) 

16 (0<x<2,M{SLi,Ca.ffefcJ:W^,Ce^|^<«±ll7C 

>lit'5-9--^ Tuymi&^iff) 3 *>, a//SSffl1?--< TO 
V ^ 3 W L T V i i: *t!HaPB61-91065-f9t: 

?gk:<i, AlN+Ah03/Si3N4^0.08%*)1l. AljOs/AlN^ 

i^H%®CJft;tl.ii:. ^^Bg62 - 207766^^«[fc:li, Al 
2Q3/AlN5r0.2~2 b L, (AhOs/AlN) /m^mHa^ 

■§-4^?gT-Ji, AlN+Al203AJ8aJi%$rM;e.l.jiig«cT' 

b'i^S*cS*$ft.S125'CT<7)«ffiKS600Mfa<?:^ 
!S) . 

^' - 1' VS2r«l«t- S i t Tft I. . 

/S^=^Ut*nte (Si.Al) 12 (O.N) IB (0< 
x<2.l«4Y.Er,Ybc01S±3t«i2gUUi) (Ty-mXrh 
$tL&a-9->frnyffl. Sis-iAU0zN8-z (0<zS4. 
2) <7)— «RjeT'S^$ftl.;3-t-f rnyffliJil/fSi.Al.O, 
N.H (M<4Y,Er.Yb01Si;t{42gJa±) <7)iJ'-^r< 1 1. 
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ISfelti: 0=5:S«4IMaT««SttS1f'f To vjKte* 

8<A1N+Ah03<]6 Cwt%D 
1.2SA1M/Ah03g3 
3<M203<10 (wt%) 
74<Si3N4<89 Cwt%D 

■^mln^^ruy'mmi.. m^(nmwm^ 

10 SF&#^T, AIN.AhOa.MjOs (M=Y,Er,Yb) .SisNi 
<04 oc>fl:-^£r)f#S<?)R|«Sr*-ri.««iFJ^i:-r.6 C 

aSDirtSM203<OM*«Sr^iO7C*-C** ^1 fc 1f-Z^Xh 
h. 

A1N+Ah03*±. 'mX.Xa/ fiW(&m^TXly>^ 

20 ig^ri)!.. •etOigjERHli. 8<AlN+Al2ft<16Tt) 
AlN+AhQ3i*«8Mt%. *Jj:tXl6%fiUi'Cfc.5tiS 

t^i. AlN/Ah(b<0H:**1.2*gffcJ:l^3^ilSiSi:^ 
aK^^ffiT-rS<O-CAlN/Al2Q3<?5it{±l-2£AlN/Ah0S 
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-if-^m.. Si3N4»5|C, AlNtt*. Al203 »3tC. M 
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R<AIN+Al»0!i<16 Cwt%5 
I.2SAIN/AI2O3S3 
3<M203<10(»rt.%D 
74<SUN4<89 Cwt%D 
40 S:SW:-f iota-^LT^JBfrt^rL. Kl£3^«cS-1500 
~200(rc-C«S»tSii:S»ai:-r*1?-'(rovMttf* 
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Si2N4<0^)»$:fllSiI-C$=5:<^r?.*>^>T'*>S. ^rfc, ^ 
50 fe<0#H«fc-5V%-ci±. S«Xrx#HJM)«a4L<, M 
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